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Abstract 
This study focused on the kinetics of biomethane production from raw banana peel. Physical pretreatment by grinding 
the peel into small pieces prior to anaerobic fermentation was used.  Experiments were setup in 0.5 L batch reactor 
under mesophilic condition (37ºC), pH 7 and varied total solids (TS) in concentrations of 2.5, 5, 7.5 and 10 % w v-1. 
Air and liquid samples were collected every 12 hr for gas composition and volatile fatty acids (VFA) analyses.  At 
7.5% TS, maximum biomethane yield and production rate were 439 mL g-1 TVS and 5.31 mL hr-1, respectively.  
Small amount of VFA was accumulated in the reactor content.   
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
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1. Introduction 
Banana, a tropical fruit, is widely cultivated over 130 countries worldwide. Globally, its product (about 
16%) is the second largest amount compared with other fruits [1]. This fruit is important to Thailand’s  
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economy because it is consumed in country and annually exported more than 300 million baths [2]. 
Banana    was increasingly exported about 34.3 % in the first seven months in 2007 and its value has 
increased to 53.4 % in 2008. Banana can be consumed in the fresh form and 80% of ripe banana is 
processed and is ingredient in many types of food such as baby food, banana streamed pastry, deep fried 
banana, sun-dried banana, sweet banana crisp, and banana stirs.  In general banana peel was abandoned as 
a solid waste. When the peel was decomposed, it produces noxious gases such as hydrogen sulphide and 
ammonia.  Currently, Thailand experiences energy problem due to dependency on the fossil fuel energy 
sources, which are limited and will be exhausted in the near future. Switching to rely on renewable energy 
sources will definitely solve the problem in the sustainable way. The peels containing high organic 
content are potentially converted to methane through the fermentation process.  Methane produced from 
the anaerobic digestion of banana peel can also be used to generate energy under mesophilic temperature 
conditions (Table 1).   Bardiya et al. (1996) operated 2 L anaerobic digesters seeded with sludge from a 
cattle dung digester at a hydraulic residence time (HRT) of 40 days and achieved a methane yield of 190 
L CH4  kg-1 dry banana peel, which improved to 201 L  CH4 kg-1 when the banana peel was dried and 
powdered [3]. Gunaseelan (2004) [4] examined the peel of eight different cultivars of banana in the 
standard biochemical methane potential (BMP) test (Owen et al., 1979) [5], where 0.5 g of powdered 
sample was digested in 135 mL serum bottles inoculated with sludge from an existing bench-scale 
digester. However, the yields produced by Gunaseelan (2004) were unusually high, evident by control 
digestions on cellulose where the methane yield exceeded the theoretical maximum by 13% [6].   This 
study aimed to evaluate the feasibility of biomethane production from fresh banana peel in mesophilic 
batch operation and the impact of organic loading on the biomethane production. 
 
Table 1 Methane yield from the digestion of banana peel and their potential power generation. 
 
Banana peel Methane yield  
(L kg-1 dry 
weight) 
Potential power 
generation (MW) 
Reference 
Banana peel (chopped), VS=87% 190 192.2 [3] 
Banana peel (powered), VS=87% 201 203.3 [3] 
Banana peel (powered), VS=86.9-94.3% 266 269.1 [4] 
Banana peel (chopped), VS=87%               77 77.9 This study 
 
2. Materials and methods 
2.1 Banana peel   
 
     Fresh banana peel obtained from Nakhon Pathom, Thailand (TS 0.87 g g-1) was initially chopped into 
small pieces approximately 0.5 × 1 cm size and then ground into small particles using a blender,  before 
used.   
 
2.2 Microbial seed 
 
     Microbial seed used throughout the study was obtained from a full-scale upflow anaerobic sludge 
blanket (UASB) plant, Malee Sampran Co., Ltd. Nakhon Pathom, Thailand. The seed was screened 
through a sieved with 710 μm wire mesh and then fed with 5 g L-1 glucose before  used.   The seed 
concentration measured as total solids (TS) was 40,925 mg L-1. 
784   Nipon Pisutpaisal et al. /  Energy Procedia  50 ( 2014 )  782 – 788 
2.3 Batch fermentation 
 
     Experiment was setup by varied total solids (TS) of the banana peel in the range of 2.5- 10.0 % w v-1. 
NaHCO3 of 0.002 g was added into each 0.5 L batch reactor to provide alkalinity.  The feedstock and 
microbial seed were mixed in 0.5 L batch reactors (375 mL feedstock and 125 mL microbial seed) with 
setup duplicate in under mesophilic condition (37ºC), pH 7, it was capped tightly with the silicone stopper 
and flushed with nitrogen gas for 2 min (flow rate of 2,400 mL min-1) to remove oxygen in the aqueous 
and headspace parts of the reactor to create an anaerobic condition, the reactors were placed in the 
incubator (Incubator i250, Thailand) equipped with magnetic stirrer plate. Air and liquid samples were 
collected every 12 hrs for gas composition, pH, alkalinity, volatile fatty acids (VFA) and Solids (total 
solids; TS, total volatile solid; TVS, total suspended solid ; TSS and volatile suspended solid; VSS) 
analyses. Air samples were collected by gastight syringe (Hamilton, USA) 500 ȝL for injection volume of 
gas composition and the volume of biogas was collected with measured by water displacement method in 
a 500 mL graded cylinder. 
 
2.4 Analytical techniques 
        
    Alkalinity and solids (TS, TVS, TSS, VSS) were determined according to the Standard Methods for the 
Examination of Water and Wastewater [7].  VFAs and ethanol  in the liquid samples were analyzed using 
a gas chromatography (Shimadzu GC 2010, Japan) equipped with a flame ionization detector (FID) 
230oC fitted with Stabilwax DA capillary column (Restek, USA).  Analytical grade standard chemicals, 
ethanol, acetic, propionic, butyric, and valeric acids purchased from Sigma-Aldrich (USA) were used as 
standards.  Gas composition was measured on a gas chromatography (Shimadzu GC 2014, Japan) 
equipped with thermal conductivity detectors (TCD) 150oC fitted  with column  packed with Unibeads C 
(80/100 mesh). The gas samples were analysed compared to the standard gas (SCOTTY ANALYZED, 
LOT NUMBER 919401L). Total biogas volume was measured by water displacement method. 
 
2.5 Kinetics data versus time data.   
 
     Kinetics of methane production was calculated from the plot of cumulative methane production versus 
time.  SigmaPlot version 11.0 was used to fitted the data with modified Gompertz equation (Eq.1) [8] to 
determine the methane production potential (Hmax), methane production rate (Rmax) and   lag phase (O ). 
R2 for all cases was greater than 0.95, indicating that the kinetics parameters obtained from the 
calculation were statistically significant. 
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where, H is represents the cumulative volume of methane production (mL), t is time of fermentation (hr), 
Hmax is the methane production potential (mL), Rmax is the maximum production rate (mL hr-1), Ȝ is time 
of lag phase (hr) and e is a constant (2.71828).   
3. Results and discussion 
3.1 Biomethanation  
 
     Methane content during 180 hr fermentation was in the range of 50-70%. The maximum methane 
content was 71.5% obtained from TS 7.5% (Fig.1A) and the maximum cumulative methane was 612 mL 
(Fig. 1B).  Previous study [6] setup similar experiment with cattle dung inoculum; and chopped or 
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powdered banana peel waste (10% TS) reported maximum methane content in the range of 53-57%.   
Methane production potential (Hmax) increased as a function of %TS in the range of 2.5-7.5% TS, but that 
decreased at 10% TS (Fig. 2A). The maximum methane production rate (Rmax) was 6.56 mL hr-1 at    2.5 
%TS (Fig. 2B).  Rmax decreased when %TS was increased.  Results suggested that at low amount of 
banana peel in the reactor, mixing is more efficient, and the bacteria readily access, utilize the substrate 
and generate the methane.  The methane yield (Y) was 451 mL g-1 TVS obtained from TS 10% (Fig.2C). 
The trend of methane production was increased with the amount of the peel. Essien et al.(2005) reported 
that the banana peel contained carbohydrate over 59.51%, which was the good carbon source and energy 
sources for microorganisms [9]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Methane content (A) and cumulative methane (B) during 180 hr fermentation with varied total 
solids of banana peel in concentrations of 2.5 (Ɣ); 5.0 (ż); 7.5 (Ŷ) and 10 (Ƒ) % w v-1.  Each data point 
represents average value of duplicate experiment (n=2) and I-bar represents standard deviation. 
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Fig 2. Methane production potential (A), maximum methane production rate (B), and 
methane yield (C) after 180 hr fermentation of banana peel. Each histogram bar represents 
average value of duplicate experiment (n=2) and I-bar represents standard deviation. 
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     3.2 VFA accumulation and reduction of organic fraction 
 
         pH appeared to narrowly fluctuate in the range of 6.7 to 7.8 (Fig. 3A), which is suitable for the 
production of methane under mesophilic condition [10].  Alkalinity increased according to the amount of 
banana peel (Fig. 3B).  Alkalinity of TS 7.5% and 10% was in the range 1,000-5,000 mg CaCO3 L-1, 
which is the optimum for the biogas production [11] and small amount of VFA and ethanol were 
accumulated in the reactor content (Fig. 3C). VFA/alkalinity ratio during 156 hr fermentation was in the 
range of 0-0.4 g CH3COOH g-1 CaCO3suggesting the optimum condition for the methane production (Fig. 
3D).  TVS removal decreased when %TS was increased. This trend was reversed compared with the 
trends of methane potential and yield.  The maximum removal of TVS was 28.4% obtained from TS 2.5% 
and the minimum removal of TVS was 17.1% obtained from TS 10% (Fig. 4).  
 
    
    
Fig 3. pH value (A), alkalinity after 180 hr fermentation  )B (, VFAs and ethanol concentrations alkalinity 
after 180 hr fermentation (C) and VFA:alkalinity ratio (D) at banana peel concentrations of 2.5 (Ɣ); 5.0 
(ż); 7.5 (Ŷ) and 10 (Ƒ) % w v-1. Each data point/histogram bar represents average value of duplicate 
experiment (n=2) and I-bar represents standard deviation. 
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Fig 4. TVS removal, after 180 hr fermentation in the condition with, varied total solids of banana peel in 
concentrations of 2.5 (Ɣ); 5.0 (ż); 7.5 (Ŷ) and 10 (Ƒ) %.  Each histogram bar represents average value of 
duplicate experiment (n=2) and I-bar represents standard deviation. 
 
4. Conclusions 
 
     The study successful demonstrated that fermentation process can be used to produce methane from 
fresh banana peel and reduce the organic waste in the peel at the same time.  The optimum condition of 
the process was achieved.  However, methane yield obtained in this study (77 L kg-1 dry weight) was 
lower than that from the previous studies (190 to 266 L kg-1 dry weight). Results suggested that size of 
banana peel affected the bacteria utilization of the substrate for produce methane.  Size reduction of raw 
material and fungal pretreatment might improve the methane yield from banana peel fermentation in the 
future work.    
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